The study aimed to determine the impact of solid waste exposure on Cardio-Pulmonary parameters of municipal solid waste workers in Port Harcourt, Nigeria. A total of 314 randomly selected apparently healthy males comprising 169 test and 145 control subjects Participants in the study. Their weight and height were measured and BMI calculated. Also, their systolic blood pressure, diastolic blood pressure, pulse rate, Peak Expiratory Flow Rate (PEFR) and respiratory rates were measured. Results show a significant increase in the systolic and diastolic blood pressures, pulse rate as well as a decrease in peak expiratory flow rate of the test subjects when compared with the control subjects. The effects were found to depend on the duration of exposure as well as on the body mass index (BMI) of the test subjects. We conclude that prolong exposure to solid waste impact negatively on the cardiovascular and lung functions and therefore could predispose to cardiovascular and or respiratory diseases.
INTRODUCTION
Since the dawn of civilization, industries have been established to meet various human needs. In sub-Saharan Africa, especially in Nigeria, the rapid urbanization and population growth has led to the generation of enormous quantities of solid waste which are often discarded by open dumping especially in urban cities. Environmental pollution is a worldwide phenomenon. It is progressively increasing as solid waste generation increases. This constitutes a major source of environmental and health hazard.
Man's activity encapsulates the totality of deriving benefits from raw materials while creating left over complexities. The nature of these complexities have been tied to factors as civilization, improved living standards, economic and cultural attributes of man in his environment (Akinola and Salami 2001) . Complexity in waste is also increasing with biodegradable waste currently accounting for over 50%. This amounts to an annual average of about 50milion tons per annum of waste burden on the nation with less than 10% waste management capacity (Ossai, 2006) .
Solid wastes, also referred as municipal solid waste (MSW), could be defined as non-liquid and nongaseous products of daily human activities, which are discarded by the public, and regarded as being useless. It could take the forms of household garbage, commercial refuse, construction and demolition debris, dead animals, abandoned vehicles, sludge, hazardous waste (paints, chemicals, light bulbs, fluorescent tubes, spray cans, fertilizer and containers), toxic waste (pesticide, herbicides, fungicides) radioactive wastes and medical waste (Cointreau, 1982; Leton and Omotosho, 2004) ; they are susceptible to burning and exposure to scavengers.
MSW are mainly biodegradable and non-biodegradable substances mostly papers and putrescible organic matter, with the chemical constituents nitrogen, phosphorus and potassium contents ranging between 0.5 to 0.7%, 0.5 to 0.8% and 0.5 to 0.8% respectively and toxicity characteristics include heavy metals, pesticides, insecticides and Leachates (UNEP-IETC, 1996) . Port Harcourt, a city located in the Niger delta region, South-South of Nigeria is among the fastest growing cities in the Nigeria (Onibokun and Kumuyi, 1996) and is faced with the problem of increased solid waste generation. The wastes generation in Port Harcourt was projected at about 210,934, 304,477 and 352,853 tonnes per annum in 1982, 1990 and 2000 respectively; with an estimated solid waste generation rate of 1.25 kg per person per day (Ayotamuno and Gobo, 2004) . Evacuation of these wastes therefore poses a serious burden for the evacuation workers who are daily exposed to the gases (green house gases such as methane, carbon monoxide and carbon dioxide), chemicals and obnoxious odours emanating due to decomposition and degradation of these solid wastes at the collection and dump sites. Linn et al (1999) observed that the potential mechanisms for particulate matterassociated changes in blood pressure include an increase in sympathetic tone and/or the modulation of basal systemic vascular tone.
Previous studies have implicated occupational exposure to environmental pollutants on the incidence of respiratory and cardiovascular disorders (Jinadu and Malomo, 1986; Alakija et al., 1990; Ige and Onadeko, 2000; Okojie et al., 2003; Okwari et al., 2005) . Ubilla et al (2008) observed that a BMI of <20 and >30 are negatively associated with lung functions.
Similar studies on municipal waste workers, especially in Port Harcourt is scanty. This study therefore, aimed at assessing some cardiovascular and lung function indices of solid waste evacuation workers in Port Harcourt, South-South, Nigeria.
MATERIALS AND METHODS
Study Area: This study was carried out in Port Harcourt, South-South Nigeria.
Selection of subjects:
A total of 314 randomly selected apparently healthy adult male subjects comprising 169 test subjects (from solid waste evacuation workers), and 145 control subjects (from non solid waste workers) all of similar social status and biometric distribution were involved in the study. Subjects known to suffer from any cardiovascular or respiratory disorder as well as those less than six months in the job were excluded from the study; while those who met the inclusion criteria were enlisted for the study after giving their informed consent.
Date Collection:
The study adopted the direct administration of questionnaire. Respondents voluntarily filled and returned the questionnaires given to them. Their heights (m) and weights (kg) were measured as described in previous studies (Adienbo et al, 2012) . Their peak expiratory flow rates (PEFR) were measured using Wright's peak flow meter (Joffa et al, 2013) . Briefly, each subject was instructed to perform maximum expiratory effort after inhaling to lung capacity. Three readings of PEFR were taken in standing position. The respiratory rates of the subjects were also determined. A digital blood pressure monitor was used to measure the blood pressure. The arm band of the monitor was tied around the left arm of the subject just above the median cubital fossa. The monitor measured the systolic blood pressure, diastolic blood pressure and pulse rate. The body mass index (BMI) for each subject was calculated from the following formula: BMI= weight (Kg) / square of the height (m 2 ).
Statistical Analysis:
The data generated were subjected to statistical analysis using SPSS version 17. Statistical comparisons of measured variables between the groups were carried out using students' T-test or one way analysis of variance (ANOVA) with Turkey-k for multiple comparison. Values of P<0.05 were considered statistically significant. Results were presented in tables as Mean ± SEM, and as percentages.
RESULTS
The anthropometric and Cardio-Pulmonary parameters of the subjects in the population studied are as presented in table 1. It shows that there was no significant difference (p>0.05) in the age and BMI of the test subjects, when compared with the control subjects in spite of the significantly higher (p<0.05) weight and height of the test subjects, respectively, as compared with the control subjects. The cardiovascular functions parameters such as systolic blood pressure (SBP), diastolic blood pressure (DBP) and pulse rate (PR), presented in table1, were all observed to significantly (p<0.05) increase in the test subjects, when compared with their respective control subjects. The pulmonary parameters (table1) however, show an opposite trend to the cardiovascular, with the observation of a significant (p<0.05) decrease in the peak expiratory flow rate (PEFR) of the test subjects as compared to the control, although the respiratory rate (RR) does not show any difference between the test and control group subjects. The relationship between the duration of exposure to the solid wastes by the test subjects and the observed changes in their Cardio-Pulmonary parameters is shown in table 2. There was a progressive exposure-duration-dependent significant (p<0.05) increase in the SBP, DBP and PR of the test subjects, compared to the control subjects. The PEFR, on the other hand, showed significant (p<0.05) duration dependent progressive decrease among subjects exposed for <3 years, 3-10 years and >10 years respectively, when compared to the control group subjects. There was no change in the respiratory rate among subjects in the different exposure duration groups. The cardiovascular and pulmonary parameters of test subjects were analysed based on their body mass index (BMI) (table 3). Those with BMI <18.5 (under weight), 25-29.9 (overweight) and >30 (obese) groups were each compared with the normal weight subjects . it was observed that the obese test subjects have significantly (p<0.05) increased SBP and PR respectively with a significantly (p<0.05) decreased PEFR when compared with the normal weight (BMI 18.5-24.9) subjects. There was no significant (p>0.05) difference in the DBP and RR between the obese and test subjects. The overweight subjects, on the other hand, have significant (p<0.05) increase in the SBP only; without any difference in the DBP, PR, PEFR and RR respectively, when compared with the normal subjects. There was also an observed significant (p<0.05) decrease in the PEFR in the underweight test subjects when compared with the normal weight test subjects. Vol. 1 (1), pp. 001-006, October 2013. www.gjournals.org 4 DISCUSSION The significant increase in systolic blood pressure (SBP) and diastolic blood pressure (DBP) observed among the urban solid waste workers may be due to the prolonged daily inhalation of particulate matter, carbon dioxide and other chemicals emitted from the solid wastes. Inhalation of particulate matter PM decreases the oxygen tension (PO 2 ) as well as an increase in sympathetic tone and/or the modulation of basal systemic vascular tone (Linn et al 1999) ; while carbon dioxide inhalation increases blood H + concentration (Decreased P H level). These lead to stimulation of the vasomotor centres resulting in increase in the blood pressures, as observed in this study. This result is in agreement with the work of Gong et al. (2003) , who reported an increase in the systolic blood pressure in healthy subjects on exposure to particulate matter (PM) ; and also with the report of Jessup et al (2009) who observed an increase in systolic dysfunction due to exposure to toxins and pharmacological agents which cause intracellular damage and oxidative stress. Also, some of these inhaled chemicals and gases may possess vasoconstrictor effects, thus increasing the total peripheral resistance (TPR) and hence increase the blood pressure. This may be the cause of the significant increase observed in diastolic blood pressure, similar to the result obtained by Urch et al. (2005) , who observed an increase in DBP of about 6mmHg in subjects exposed to particulate matter and chemicals.
The significant increase (P<0.01) observed in the pulse rate (index for heart rate) of the solid waste workers may be attributed to a possible haemodynamic instability resulting from exposure to chemicals and heavy physical work load. The inhaled particulate matter decreases the blood oxygen tension (PO 2 ) which the body responds by increasing the heart rate in order to sustain adequate oxygen delivery to tissues. This was observed as an increase in pulse rate. This is similar with the findings of Devlin et al., (2003) who reported that acute particulate matter exposure is capable of increasing Heart Rate Variability (HRV).
The significant increase (P<0.01) in SBP observed in over weight and obese subjects may be as a result of abnormal adipose tissue accumulation associated with these BMI classes. This may lead to peripheral vasoconstriction which results in increase in blood pressure. This is in agreement with the work of Ubilla et al (2008) who reported that the abnormal presence of adipocytes leads to an increase in blood pressure in individuals. This may also explain the significant increase in pulse rate observed among obese test subjects.
Peak expiratory flow rate (PEFR) is one of the important and simple respiratory function tests. It is used in dictating bronchial asthma and other obstructive airway diseases (Corre and Rothstein, 1985, Plymat an Bunn, 1985) , as well as in the early diagnosis of occupational lung diseases (Tiwari et al, 1998; Osim, EE 1998) . The significant decrease in PEFR observed in urban solid waste workers may be due to inhalations of gaseous chemicals, obnoxious odours, and deposition of dust and inspirable particulate matter along the respiratory tract. These cause inflammatory changes which leads to increased airway resistance thereby bringing about the remodeling of the airway and consequently lung dysfunction (Iyawe and Ebomoyi, 2005) . The exposure-dependent decrease in the PEFR observed in the test groups when compared with the control may be due to the direct inhalation of a larger and progressively accumulating volume of obnoxious gaseous chemicals and particulate matter deposits in the lungs with associated inflammatory changes, as well as physically impeding the normal lung function (Ihekwaba et al, 2009) . This is in agreement with the earlier reports that environmental factors such as exposure to air pollutants adversely affect lung function (Ihekwaba et al, 2009; Leonardi et al., 2000 , Ovuakporaye, et al 2012 Stvendsen et al., 2007; Gauderman et al., 2007) .
CONCLUSION
The study has established that prolong exposure to solid waste impact negatively on the cardiovascular and lung functions by increasing the systolic blood pressure, diastolic blood pressure and pulse rate as well as decreasing the peak expiratory flow rates. These effects are exposure duration dependent and worse in obese condition. Urban solid waste evacuation workers are therefore predisposed to developing cardiovascular and lung diseases. Protective devices should therefore be used by all solid waste evacuation workers. The outcome of this study has provided additional basis for the formulation and implementation of policies for addressing the adverse effect of solid waste exposure in developing countries, especially in Nigeria. However, further studies on the characterization and chemical analysis of the gaseous and particulate matter emitted by these wastes is recommended
